Abstract-With the increasingly deeper application of multimedia and network technology in education, the proportion of web-based learning presents a trend of continuous growth in people's daily study, and the webbased learners tend to have learning fatigue during their learning process of distance education. Under the 4 learning states of normal study, fatigue and doubt, the eye opening degrees of web-based learner have certain difference. Through preprocessing of the color images of web-based learners' eye state, the 2-dimensional kernel function is selected to build 48 optimal filters and obtain 48 eigenvalues, and then, through HMM, training is conducted to identify the eye state and feature classification. The experiment results show that this algorithm has very high identification ability of the web-based learning fatigue.
INTRODUCTION
The 21st century is a century of knowledge as well as a century of continuous reform in education. During the process in which the Internet and information technology have promoted the human society to comprehensively enter the informationization age, it has also significantly expanded the boundary of time and space and increased people's interest in learning! Efficiency and initiation, "the traditional teaching and learning patterns are experiencing a big breakthrough, the education is facing profound reform", and in the new learning environment, the "web-based learning" has been endowed with rich connotations.
Modern web-based learning is a necessary result of the global informationization process, and informationization represented by the information superhighway has not only brought brand new technology and media to education, but also comprehensively influenced the concept, system, model and content of education. Its status in the era of knowledge-based economy is like words in the agricultural era and printing in the industrial era, which has become the third milestone in the human educational history. The emergence of network communication has triggered a profound educational reform, which has generated an important leap to current educational system and model [1] .
In accordance with the proportion of students getting education at school in China's higher education system, the modern distance education, adult education and selftaught examination account for nearly 50% of the entire scale of higher education, and the distance education accounts for 50% of the overall adult education and continuing education [2] . At present, the approaches of distance education have been gradually transformed from the correspondence college and radio & television university to the networking academy and virtual university. Therefore, the society will attach increasingly more importance to the digital and web-based learning. In addition, with the deepening of Ministry of Education's "teaching quality and teaching reform program for colleges and universities" and the continuous promotion of the construction of excellent courses at various levels, the web-based learning environment, digital learning resources and network-based teaching method have become important components of full-time college teaching. Web-based learning is not the exclusive learning activity for students in colleges of distance education anymore, and it has become one of the basic learning methods for students in full-time colleges.
During the process of web-based learning, separation from the teachers and students makes the learners stay in a separated state of time and space from the teachers and students, they cannot have face-to-face communication, and attention are generally not paid to the learners' learning moods and state [3] . This kind of learning does not have the regular cultural atmosphere of campus or timely reminding from the teacher, plus long-time continuous study, the web-based learner tends to have learning fatigue, which might cause decrease in the learning efficiency, and the learner may even reach the state of being unable to continue learning. There are many manifestation patterns of learning fatigue. Learning fatigue mainly consists of the two types of "physiological fatigue" (i.e., physical fatigue) and "psychological fatigue" (i.e., mental fatigue).
At present, people are thinking of using certain methods to conduct identification and intervention with fatigue, in order to prevent traffic accidents or improve the efficiency of web-based learning. In the field of fatigue driving detection, some learners try to use the sensor technology, signal detection and collection technology or identification technology of facial expression to conduct identification, prediction and fatigue intervention of the driver's fatigue state, which is mainly the detection of physiological fatigue. In addition, in the field of web-based learning, some scholars are trying to promote the emotional communication under the web-based learning environment from the perspective to improve the design of network course teaching, which can in a certain degree reduce the possibility of the learner to get into learning fatigue; some scholars are using the multimedia technology, BBS and even instant messaging tools like QQ to promote the emotional communication under the web-based learning environment, which can prevent learning fatigue in a certain degree. These studies mainly concentrate on the identification or detection of physiological fatigue, while ignoring the complexity of learning fatigue, it includes two levels of physiological fatigue and physiological fatigue, and there are not many researches which initiatively conduct identification and intervention of the state of learning fatigue. Based on the theories of psychology, cognitive science and affective computing, 3 basic learning moods are defined, the eye state identification technology is used to identify the eye state of distance learner, determine whether the learner is in a state of learning fatigue and discriminatively treat the physiological fatigue and physiological fatigue, and in this way, real-time intervention with learning fatigue can be implemented to guide the learner to avoid learning fatigue and increase the efficiency of web-based learning.
Obvious difference of ocular shape exists in 3 different kinds of states -normal learning, fatigue and focus [2] . In normal learning, eyes open largely, full of energy and spirit; in fatigue, eyes diminish unnaturally, in sagging spirit; in confusion, eyes open up, upper eyelids too high and lower eyelids slumping. At present, there remains few research on fatigue detection technique in field of education. Liu Jinyi from Shanghai Jiaotong University has conducted sleepiness detection research and realization on message image processing and fuzzy logic in intelligent classroom. He analyzes the actual requirement of doze scene and detection technical scheme of intelligent classroom, adopts digital image processing and fuzzy logic as final mode of research and realization, and performs realization on MATLAB platform. Nevertheless, he merely sets the eye opening state as the standard of being sober and the eye closing state as the standard of being dozing. Borrowing mature driver fatigue techniques, we carry out research work on the learning fatigue of Internet learners.
Based on the Gabor wavelet and HMM, this paper proposes an algorithm to identify the eye state of learning fatigue, which is embedded into the distance intelligence teaching system. First of all, based on the binarization pretreatment, this method is used to obtain the image of eye state; then, the 2-dimensional selection Gabor kernel function is built, 48 optimal filters are built, 48 eigenvalues are obtained, these 48 eigenvalues generate 48 eigenvectors, and HMM is used to conduct eye state identification of an observation sequence O formed by the eigenvectors of eye state image.
The recognition result of this paper will be sent into remote intelligent tutoring system as feedback information, which can provide a basis for teachers to adjust teaching progress, re-arrange teaching content and correct teaching method in time, and can provide Internet learners with individualized learning environment, so as to make up for the problem of emotional deficiency of Internet learners.
II. IMAGE PREPROCESSING
In our method, the YCbCr color space is obtained from Cr ), and high blue chrominance ( Cb ), when compared to the forehead region of the face. Using this fact, we will preprocess the input image to a gray level image. The PDF of gray-level differences between neighboring pixels is well approximated by a generalized Laplacian [3] .The procedure of gray level is shown in Fig.  1 .
where I  is the gray level difference,  depends on the distance between the two sampled image locations, β is a parameter approximately equal to 0.5 and ZL is a normalization constant. In the following we assume that 0.5  , which implies 4 ZL  . In Fig. 2 , the distribution of gray level differences over images of eyes is shown. The gray level differences, calculated over different scales of skin, are shown in the figure. It can be seen that the distribution of gray level differences for the class of eye images is well approximated by the YCbCr color space. Further, it can be seen that the width k of the distribution increases with the scale. Figure 2. Distribution of gray level differences over scales for images of eyes. The scale number refers to the distance between gray level measurements: "scale 1" refers to 1 pixel distance and ''scale 4'' refers to 4 pixels distance between the measurement points.
In Fig. 2 , the distribution of gray level differences over images of eyes is shown. The gray level differences, calculated over different scales of  , are shown in the figure. It can be seen that the distribution of gray level differences for the class of eye images is well approximated by the generalized Laplacian, defined in Equation (2) . Further, it can be seen that the width  of the distribution increases with the scale. This is caused by de-correlation of pixel values as  increases. Then, binaries the gray level image to a "binary image" by simple global threshold with threshold T [3] . After linearization, the next task is to get 4-connected components, label them, and then find the center of each block. We label two eyes, mouth, ear etc. The details of connected component finding can be found in [4] .
The image of ocular region after processing is shown in Fig. 3 
III. FEATURE EXTRACTION OF GABOR FILTERING
Two-dimensional Gabor wavelet transformation is an important tool for the time-frequency domain to make signal analysis and processing, and its transformation coefficient has good visual features and biology background, thus, it is widely used in image processing, mode recognition, etc,.
Gabor filter of different parameters can capture local feature information in images, which is corresponding to different spatial frequencies, spatial positions and directions. Because of the features of Gabor filter, it is not sensitive to changes to the brightness and face postures, thus, Gabor filter is widely used for image coding, handwritten numeral recognition, face recognition and edge detection, etc.
Then, make two-dimensional Gabor wavelet transformation in the rectangle feature region obtained via the features on the above, to obtain the expression features of the face region of drivers.
Two-dimensional Gabor wavelet kernal function is:
Of which, to offset the DC shunt of the images, thus, the filter will not be sensitive to the overall lamination. Its advantage is that it can maintain the relation of spatial relation while allowing to describe the spatial frequency structure. Of which, ( , ) j g k x is the amplitude. Thus, the number of Gabor filter is 48, which constitute a group of optimal filters that represent the target features. These filters constitute wavelet subspace, project the images to the wavelet subspace to get the coefficient of the wavelet, and extract the mean value and variance to represent the statistical features of the facial expression images of drivers. Figure 5 shows the ocular image after Gabor reconstruction, extracting four sets of feature basis vectors, of which a) is original ocular state image and b) is Gabor reconstruction state image. 
IV. HMM MODEL

A. Basic Concept
HMM is a kind of very mature matching technique that uses parameter to show the probability model of random process statistical feature [14] , which consists of two parts: on part is Hidden Layer, Hidden Markov Chain; the other part is Observation Layer, actual observed quantity.
One HMM can be marked as Formula (8):
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  (6) where N refers to the state number of Markov chain in the model, the states of which are represented as 12 As the Gaussian mixture model is adopted to describe the probability distribution matrix B of HMM parameter and matrix B describes the probability statistic properties of and each state, the moderate increase of M could promote the freedom degree of Gaussian mixture model, which is conducive to the performance of the statistical properties of each state, so as to improve the recognition rate of expressions. However, the blind increase of M will result in the decrease of effect by HMM model, leading to the over-reliance of the training process on the data set. As can be seen from Figure 5 , the state number of HMM shall be 4 in order to achieve better recognition effect. When the mixed element number of Gaussian probability is 12, the system is considered to be relatively more reasonable, which is initially defined as A is insignificant, which can be selected randomly or uniformly under the premise of satisfying the condition of sum as 1. However, the initial value of B has great influence on the trained HMM, so a method that can match the observation sequence shall be required. Gaussian probability density function is selected by this paper, of which,   
where, 
B. HMM Training
The fatigue state can be classified into three most basic categories, and every state needs to design one HMM, besides, similar to the characteristics of voice sequence, fatigue state image sequence is an irreversible process with time sequence, thus, every HMM adopts a left-toright model, and three such HMMs constitute one face expression classifier.
The determination of HMM model parameter mainly refers to the determination of various parameters in   , , , ,
, in the paper, the selection of N and M is determined as per the experiment result, the value range of N is 2~8, and the value range of M is 5~21. Petar et al. made automatic expression recognition for HMM with direct definition status number of 3 when making HMM modeling for face animation parameter, however, the HMM initial parameter obtained actually is random and does not have a fixed value. Thus, it can be further understood that the sequence that we have observed is generated by several states, which are abstract, do not have specific meaning, and can only be estimated via observing sequence. When HMM id adopted to recognize the fatigue state, the length of fatigue state sequence is not limited theoretically.
HMM training can be carried out either with one single image or multiple images. The purpose is to optimize HMM parameter. Training procedure is as follows:
Perform FastICA processing on the ocular state image that is to be classified. 
Among which, j  and j  respectively refer to covariance matrix and mean value of Gaussian Probability-Density Function.
Uniform Segmentation [14] is replaced with Viterbi Segmentation, the parameter of Gaussian Mixed Model is determined with subsection K mean value clustering method, then optimal state sequence of HMM is obtained.
Re-evaluation on parameters adopts Baum-Welch Algorithm [14] . In accordance with the table, we can see that when the tested number of images is big (20000 and 10000), the improved GAHMM algorithm has a higher recognition speed than the common HMM algorithm; when the number is small (5000), the improved GAHMM algorithm has a lower speed than the common HMM algorithm, because before comparing the facial images, it takes a long time for the GAHMM algorithm to conduct classification of facial images. Therefore, we can reach this conclusion: the algorithm that needs to conduct classification of facial images before the recognition applies to large-scale face database, which generally has a number higher than 10000.
The results are shown in fig. 6 and fig. 7 .
VI. CONCLUSION
Among three kinds of states, recognition rate of normal learning is relatively low, because the expression feature of focus and fatigue is more obvious than that of normal learning, which can be improved by increasing the number and variety of training samples. In remote intelligent education system, we raise recognition rate on two ways: first, require camera to shoot color image, and update Gaussian model parameter in time according to the change of component; second, further refine the classification of learning fatigue, and make clearer judgment standard on eye opening and closing state, so as to improve the accuracy rate and stability of recognition and tracing.
Therefore, this study tries to analyze the basic process and principles of web-based learning from the perspective of web-based learning. Considering at present the webbased learners are mainly adults, this study plans to select various college students as the research objects, and with the excellent course Engineering Mechanics as the platform of web-based learning, the research method and experiment equipment of cognitive psychology are used to conduct related experiment of web-based learning and analyze the web-based learners' behavior characteristics in order to disclose the general process and rules of webbased learning. It can help improve the design of various current support platforms of web-based learning to build the support platform more consistent with the characteristics and rules of web-based learning, which can further promote various platforms of web-based learning to better carry out their positive effect in the future. 
